The crosslinking reaction in various types of polymer blends was followed by rheological measurements. Miscible polymers with controlled glass transition temperature, chain length and number of functional units per chain were synthesized by bulk radical copolymerization. Other experiments were carried out on immiscible systems based on commercial polymers. Blends were either prepared in a batch mixer or directly in the parallel-plate geometry of a rotational rheometer. Due to the low glass transition or melting temperature of most blend components, it was usually possible to separate the mixing step which was carried out at low temperature from the crosslinking reaction which was followed by small amplitude dynamic measurements at higher temperatures. The influence of several parameters on the reaction was studied, in particular : the reaction temperature, the amount of shear during the mixing step (or mixing time), the number of functional units per chain in each blend component and the blend composition. For the miscible blends, a master curve for the dependence of the elastic modulus G' as a function of reaction time could be drawn for different functionalities and blend compositions.
INTRODUCTION
This study was initiated in the frame of a project for the production of flexible and thick (several mm) molded parts for optical applications. A crosslinkable formulation with acrylic and methacrylic ester comonomers had to be developed. There are mainly two ways to obtain such a product. The first one would consist in the onestep polymerization in the mold of a crosslinkable formulation with a dimethacrylic ester as crosslinking agent. Another way would consist in a crosslinking reaction between two reactive polymers. We were interested in the second method for which problems due to shrinkage are less important. The network will be obtained in three steps: two linear functional polymers, carrying mutually reactive functional groups are first synthesized; these two functional polymers are then melt-blended and finally the crosslinking reaction takes place at the blend interfaces. In order to obtain a homogeneous material, the two reactive polymers should be miscible. The results presented in this paper are restricted to miscible blends. The problem of interfacial reactivity in immiscible systems will be examined in a forthcoming study.
One objective of the present study was to separate the mixing step from the crosslinking reaction. As a consequence, the chemical system had to be chosen so that the kinetics of the reaction is slow enough compared to the mixing time at the mixing temperature (which must be above the glass transition temperature of both components).
As a result the first step of this work consisted in choosing an adapted chemical system which led us to synthesize random copolymers with small amounts of reactive comonomer. The second part of the present study is devoted to rheological measurements carried out during the crosslinking reaction. It has been shown in the literature that dynamic mechanical measurements in the melt can be used to characterize the formation of graft copolymer and crosslinking at interfaces of a molten polymer blend [1] [2] [3] [4] [5] . As will be shown, this type of measurements allowed us to characterize the influence of several parameters on the chemical reaction : the reaction temperature, the amount of shear during the mixing step (mixing time), the blend composition and the reactivity of the blend components.
Complementary experiments were carried out on blends where the components have different backbones: Rubbery ethylene copolymers, with melting temperatures below 100°C and containing reactive functions like maleic anhydride (MAH) or glycidyl methacrylate (GMA) were used. The nature of the acrylic comonomer for each component allowed to vary the blend miscibility. Finally, some data were obtained on immiscible blends based on copolyamide / ethylene terpolymer systems.
MISCIBLE ACRYLIC COPOLYMERS

EXPERIMENTAL
Products
The chemical nature of the chain backbone, which is the same for both blend components, had to be chosen first. In order to adjust the glass transition temperature the chain backbone will itself be a copolymer. Then, for each blend component, the following parameters had to be chosen: s Nature of functional comonomer s Total molar mass of reactive chains s Functionality (number of functional units per chain or average molar mass between functional units)
We were restricted in this choice by the processing conditions, in particular during the mixing step. In fact we want to carry out separately the mixing step and the crosslinking reaction so that for instance the crosslinking reaction does not begin before the blend is homogeneous at a molecular level. As a consequence, the glass transition temperature has to be low compared to the mixing temperature T 1 , and T 1 has to be low compared to the temperature T 2 at which the kinetics of the crosslinking reaction becomes significant. Butyl acrylate and methyl methacrylate have been chosen as non reactive comonomers for the chain backbone. Fox' relation gives a glass transition temperature of about 0°C if these monomers are taken in a 54/46 molar ratio. Acrylic acid and glycidyl methacrylate were used as functional comonomers. The terpolymers were produced by a bulk polymerization process at 80°C. All reagents are introduced into small tubes of PP with a diameter of 2 cm which are immersed in water. In these conditions, the process allows a good dissipation of the reaction heat and can be considered as nearly isothermal.
Conversions of about 90-95% were obtained after a reaction time of 3 hours. All samples were dried under vacuum at 20°C during 16 hours to extract the residual monomer. Due to the high levels of conversion, this did not affect the composition of the copolymers [6] . Azo-bis-isobutyronitrile (AIBN) was used as an initiator and the reaction was thermally activated. Calculations were made on the transfer agent (butanethiol) concentration to obtain for all polymers approximately the same molar mass distribution. The desired number average molar mass was about 50 000 g.mol -1 which is above the critical molar mass but low enough to limit the values of viscosity in the melt at the mixing temperatures. Therefore the molar mass distribution of each synthesized polymer was only controlled by viscoelastic measurements in the melt. The results showed that the master curves for the dynamic moduli are very close for all samples and thus confirmed that all terpolymers have nearly the same molar mass distribution. With such a chemical system, the samples are fluid and can be sheared at room temperature whereas the reaction between acrylic acid and glycidyl methacrylate is very slow for temperatures below 100°C. So the mixing step and the crosslinking reaction are well separated.
Terpolymers with different functionalities were produced. The functionality of a given terpolymer will be expressed by the number average molar mass between two functional units (GMA or AcA) which will be called Mf. Three different functionalities were explored with the following values of Mf: 2000, 5000 and 8000 g/mol. The following assumptions were made for the calculations: the number average molar mass is equal to 50000 g/mol and the synthesized terpolymers are fully random.
To summarize, the reactive polymers used in the present study were three random terpolymers of butyl acrylate, methyl methacrylate and acrylic acid (samples coded AcA2, AcA5, AcA8) and three random terpolymers of butyl acrylate, methyl methacrylate and glycidyl methacrylate (samples coded GMA2, GMA5, GMA8). The compositions of these polymers, given in weight and molar fractions, are shown in Table 1 .
Mixing step
Blending was carried out in a batch mixer (Haake -Rheocord 9000). With a glass transition temperature of about 0°C, the samples are soft enough to be sheared at room temperature. All over this study, T 1 was taken equal to 30°C which permitted to separate the mixing step from the crosslinking reaction. The temperature could be measured in the mixing chamber: it appeared that it did not remain at its initial value of 30°C but increases due to viscous dissipation and finally reached a plateau at 60 °C for long mixing times. However, this value is still much lower than the temperature at which the crosslinking reaction begins. Several blend compositions were explored. The volume (or mass) fractions F GMA and F AcA of the GMA and AcA terpolymers were chosen so that the acid and epoxy functions were present in the blend in stoechiometric amounts. The following relation then holds between F GMA , F AcA and the molar masses between functional units: (1) A blend coded a2g2 is prepared with GMA2 and AcA2 and corresponds according to Eq. 1 to a 50/50 composition of the two components. To measure the influence of the amount of shear during the mixing step on the kinetics of the crosslinking reaction, takings were made in the batch mixer at different times during the mixing step (15, 20 and 30 minutes). For the a2g2 blend, these samples are coded respectively a2g2m15, a2g2m20 and a2g2m30. Between the mixing and the dynamic viscoelastic tests in the rheometer, the samples are stored at 0°C to prevent chain diffusion.
Dynamic mechanical measurements on
pure polymers The rheological properties of all samples were characterized by dynamic mechanical measurements in the parallel plate geometry (diameter 8 mm ; thickness 2 mm) at small strain with a mechanical spectrometer (ARES from Rheometric Scientific). The samples were shaped in the form of small 8 mm diameter discs and put in the parallel plate geometry of the rheometer. Experiments were also made on samples which were not dried. It appeared that the presence of residual monomer can introduce significant variations (up to about 10 %) for the measured values of G'. All samples were therefore systematically dried after the mixing step.
The dynamic moduli of GMA2 and AcA2 were measured in the frequency range [0.1 rad/s-100 rad/s] at different temperatures in the range [30°C -150°C]. The temperature dependence of the shift factors obeys an Arrhenius-type equation with the same activation energy (around 110 kJ) for both GMA2 and AcA2. Master curves drawn at 30°C are shown in Fig. 1 . The results show that GMA2 and AcA2 have the same viscoelastic behavior which confirms that the molar mass distributions are effectively similar for both polymers. It also appears that in the temperature range [130°C -180°C] where the crosslinking reaction was studied, the dynamic moduli of the pure phases are very low (terminal or flow region).
reactive blends After introduction of the samples into the parallel plate geometry of the rheometer, the temperature was rapidly increased up to the reaction temperature T 2 (ramp of 10 °C/min). The dynamic viscoelastic properties were then measured as a function of the reaction time t with a frequency sweep test [0.1 rad/s -100 rad/s] every 10 minutes. t = 0s corresponds to the beginning of the test.
The curves for the storage modulus G' measured for the reactive blends are well above those of the pure terpolymers. In the presence of a crosslinking reaction, the G' versus frequency curves tend to a plateau at low frequencies. When the reaction time is long enough, a true plateau behavior is observed in the whole frequency range investigated [3] , as can be seen in Fig. 2 , and the value of this plateau increases with the reaction time. For this reason we followed the crosslinking reaction by drawing G' versus reaction time at a fixed frequency. The highest frequency of 100 rad/s was chosen because at short reaction times, is was only at this frequency that the torque level reached the minimum value of 0.02 g.cm required for accurate measurements. We found before that, in the range of temperatures in which the crosslinking reaction was studied, the dynamic moduli of the pure terpolymers are strongly frequency-dependent and well below the plateau values found for the reactive blends. This confirms that the values of moduli observed for the reactive blends are only due to the intermolecular crosslinking reaction.
It has been shown in the literature that the total reaction time can be determined by drawing G' versus time [3] ; at the end of the reaction, the G' = f(t) curve reaches a plateau. We tried to obtain this plateau for the a2g2, a5g5 and a8g8 blends and the results are shown in Fig. 3 . According to the classical rubber elasticity theory, we can calculate the number average molar mass between two cross-linked units Mr from the value of G' at the plateau. We compared this experimental value Mr to the theoretical value of the number average molar mass between two functional units Mf. The results are summarized in Tab. 2: for the highest functionality Mr is equal to 3000 g/mol which is close to the theoretical value Mf = 2000 g/mol whereas the discrepancy between both values is higher for the other blends. In fact the deviation increases when the functionality decreases. Since G' is proportional to the fraction of reacted units, this would mean that the lower the functionality, the lower the fraction of reacted functional units. The fact that the average molar mass Mr determined from the plateau modulus is of the same order of magnitude than the average molar mass Mf between functional units confirms the assumption of homogeneity of the blends at the end of the mixing step. This is further confirmed by solvent extraction measurements carried out in acetone for which gel fractions of 100% within experimental error were found after only 2 hours reaction.
RESULTS AND DISCUSSION
Influence of the mixing time
The influence of the amount of shear during the mixing step was also investigated. Takings were made at three different mixing times: 15, 20 and 30 minutes. As indicated above, the crosslinking reaction was followed by drawing G' versus reaction time at the frequency of 100 rad/s. These experiments were carried out at different temperatures (150 °C and 180 °C) for different blend compositions (a2g2, a5g5 and a8g8) and for different mixing times. An experiment coded 150a2g2m15 thus corresponds to blend a2g2 mixed at 150°C during 15 minutes in the batch mixer.
From the results shown in Fig. 4 , we can conclude that the mixing time, in the range investigated, has no influence on the kinetics of the interfacial crosslinking reaction. This means that the morphology reached after 15 minutes of mixing is either homogeneous or independent of mixing time. As a result we can study the influence of the other parameters such as the reaction temperature or the blend composition on samples having a well-defined steady morphology.
Influence of the blend composition
Symmetric blends
Several blend compositions were explored. At the beginning we were interested in studying blends prepared with pure terpolymers which have the same functionality. A blend coded a2g2 will for instance correspond to a blend prepared with GMA2 and AcA2. Three different blend compositions were explored: a2g2, a5g5, a8g8 and the results for the G' versus reaction time curves at 180°C are shown in Figs 4 and 5.
Non symmetric blends
These blends were prepared with terpolymers with different functionalities, and are called non symmetric blends. A blend coded a5g2 means that it was prepared with AcA5 and GMA2 but the acid and epoxy functions are still introduced in stoechiometric amounts. Different blend compositions were explored: a2g5, a5g2 and a8g2 and the results for G' are shown in Fig. 5 responding to a2g5 should lie between the curves corresponding to a2g2 and a5g5, which was indeed confirmed by the experiments.
On the other hand, as can be seen in Fig. 5 , the curves corresponding to a2g5 and a5g2 are almost identical, which means that under stoechiometric conditions, the network structure and the kinetics of its formation only depend on the volume concentration of the functional monomers and tends to prove that the synthesized terpolymers are indeed statistical.
It is possible to estimate a theoretical value of Mr for non symmetric blends using again the classical rubber elasticity theory: for a complete reaction, the number n e of elastic strands per unit volume in the crosslinked sample is equal to the sum of the initial numbers of acid and epoxy units per unit volume. If the elastic modulus of the crosslinked network is still given by: G = n e kT, it can be expressed as a function of the volume fractions of the GMA and AcA terpolymers (F GMA and F AcA ). Using the fact that the acid and epoxy functions are present in stoechiometric amounts, we finally obtain the following expression: (2) where r is the density (mass per unit volume). The theoretical number average molar mass between crosslinks:
can be calculated and compared to the experimental value
The results are summarized in Tab. 2: we see in particular that blends a8g2 and a5g5 should lead to the same values of modulus, corresponding to Mr th = 5000 g/mol, since the concentrations of acid and epoxy functions are the same. However
the experimental values of Mr are both lower that the expected value. Moreover the measured values of G' for blend a8g2 are always lower than those of blend a5g5 and the deviation between Mr and Mr th is higher. This would mean that the network structure not only depends on concentration of functional units but also on the chain functionality, or more precisely on the molar mass between functional units Mf.
Finally we made an attempt to draw a master curve for stoechiometric blends by introducing reduced variables involving the concentration of functional units. Since the storage modulus G' is expected to be proportional to the initial concentration of functional units
If we assume that the reaction is autocatalyzed by the acid functions [7] , the reaction rate is proportional to [AcA] 2 :
Eq. 5 assumes that all acrylic acid functions catalyze the reaction. In stoechiometric conditions: (6) and the corresponding reduced reaction time will therefore be defined as t multiplied by [C] 0 2 which is only function of the degree of conversion. If the structure of the crosslinked blends only depend on the initial concentrations of reactive functions, a single master curve should be obtained for all stoechiometric blend compositions if the previously defined reduced variables are used. As can be seen in Fig. 6 , the results are satisfactory, especially at short reaction times, were all reduced curves are superimposed. Attempts to construct a master curve were made with different expressions of the reduced reaction time of the type t * [C] 0 2 and the best results
were obtained for n = 2, thus confirming the assumption that the reaction is catalyzed by one of the reactive components. Forthcoming measurements on non-stoechiometric blends will
give more information on the chemical nature of the catalyzing species. However, the value of the G' plateau at long reaction times seems to be still dependent on the chain functionality and on the blend composition. This result could be explained by the following arguments: G' being proportional to the volume concentration of elastic network strands and therefore to the amount of reacted functional units, the above experimental results show that the lower the initial concentration of functional units (or the higher the molar mass between two functional units), the lower the fraction of functional units which eventually react (at long reaction times). This means that if the distance between reactive units is increased by reducing the chain functionality, the final proportion of functions which were able to react is decreased.
Influence of the reaction temperature
For each blend composition two reaction temperatures were studied: 150°C and 180°C. A third temperature (130°C) was also used for the most reactive blend a2g2. 180a2g2m15 means that the crosslinking reaction was studied at 180°C for the blend a2g2m15. The results for the evolution of G' as a function of the reaction time are shown in Fig. 7 . They confirm that the reaction rate increases with the temperature as expected. For the lowest functionalities and the lowest temperatures, the shape of the curves at short reaction times is characterized by an inflexion point which may be attributed to chain diffusion. For the blends with the highest functionality and for high reaction temperatures, we can consider that the time necessary for chain diffusion is very short compared to the reaction time, so the diffusion is instantaneous compared to the reaction and there is no inflexion in the curve. But with decreasing temperature or functionality the reactivity of the blend decreases and the diffusion time becomes comparable to the reaction time, which results in a delay for the increase of modulus during the diffusion process. This delay would show up as an inflexion in the curve G' versus reaction time t.
BLENDS OF ETHYLENE-ACRYLIC COPOLYMERS
The reactive polymers were two statistic terpolymers of ethylene, acrylic ester and maleic anhydride (samples coded as MAH1 and MAH2) and three statistic terpolymers of ethylene, acrylic ester and glycidyl methacrylate (samples coded as GMA1 , GMA2 and GMA3). A copolymer (coded as NR1) with the same nature and content of acrylic comonomer than sample MAH1 but without maleic anhydride functions has also been used to compare the behavior of a reactive blend (MAH1/GMA) to that of a non reactive blend (NR1/GMA). All polymers were produced by a high pressure polymerization process. The nature and content of comonomers are summarized in Table 3 .
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May/June 2001 Table 4 shows the molecular weight characteristics and the melting temperature determined by DSC. It is seen that the polymers have broad molecular weight distributions but similar values of the weight average molecular weight. The DSC data show that the melting temperature decreases and the breadth of the melting peak increases with increasing comonomer content. At temperatures higher than 105°C, all samples are in the molten state. Therefore, melt-blending of reactive polymer pairs can be carried out at temperatures as low as 105°C. As will be shown below, at this temperature the reaction between the maleic anhydride and the glycidyl methacrylate functions without catalyst is very slow and can be neglected during the time of the blending stage.
DYNAMIC MECHANICAL MEASUREMENTS ON PURE POLYMERS
The rheological properties in the melt of all samples were characterized by dynamic mechanical measurements in the parallel plate geometry (diameter 25 mm; thickness 2 mm) with a Rheometric Scientific RMS-800 mechanical spectrometer. The dynamic moduli were measured in the frequency range [0.1 rad/s -100 rad/s] at different temperatures (90°C, 120°C and 140°C for MAH2 and GMA, and 120°C, 140°C and 160°C for MAH1 and NR1 samples). The temperature dependence of the shift factors obeys an Arrhenius type equation with the values of the activation energies given in Table 4 . With these values of activation energies, master curves were drawn at 105°C which are found to be very close for all samples [5] .
BLENDING, DIFFUSION AND REACTION STAGES
Blending was here carried out in the rheometer using the above described parallel plate geometry. We started with specimens formed by two sectors of a disk, one for each blend component, with angles proportional to the desired volume fraction of the blend. For instance, a 50/50 blend was obtained with two adjacent half disks placed between the rheometer plates.
Since the objective was to decouple the blending from the reaction, these specimens were then sheared at a temperature T 0 as low as possible but where both polymers are in the molten state. For the systems considered here, T 0 was equal to 105°C. The total applied shear g R , measured in shear units at the outer rim R = 12.5 mm of the specimen, was between 500 and 10000. In order to reduce the blending time, but keeping the normal force within the measuring range of the transducer [0 -13 N], the shear rate was gradually increased. A typical sequence for a total shear of 5000 was: 200 s at 0.5s -1 , 300 s at 1s -1 , 200 s at 2s -1 , 1400 s at 3s -1 . Once the total shear strain was reached, the sample was kept at the blending temperature T 0 during a time t D . During this time, diffusion of the chains at the interface may occur without significant grafting or crosslinking. Finally, after this diffusion stage, the temperature was rapidly increased up to the reaction temperature T 1 . The dynamic viscoelastic properties were then measured at this temperature as a function of the reaction time t r in the frequency range [0.1 rad/s -100 rad/s]. A typical result is shown in Fig. 8 for g R = 1000 and T 1 = 180°C. The curves for the storage modulus G' corresponding to the reacted blends are well above those of the components. A pseudoplateau appears at low frequencies, the level of which increases with the reaction time. It can be noticed that the reaction has already started when the thermal equilibration of the sample at 180°C is complete (t r = 0) which takes between 3 and 5 minutes. On the other hand, at the reaction temperature, there is still some contribution of the relaxation of the phases to the rheological behavior of the blend, with the consequence that the plateau in Fig 8 is less well defined than the corresponding plateau for the acrylic copolymers in Fig 2. Since the influence of the interfacial reaction is more sensitive at low frequencies, we plotted the value of G' and G'' at the lowest frequency (w = 0.1 rad/s) as a function of the reaction time. The plots corresponding to the data of Fig. 8 are shown in linear scales in Fig. 9 . Whereas the loss modulus reaches an almost constant value after about 10000 s, the storage modulus continuously increases even after a reaction time of
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INFLUENCE OF AMOUNT OF PRESHEAR
For these measurements, the reaction temperature was kept constant at 180°C and several samples of MAH1/GMA1 50/50 blend were prepared at 105°C with various amounts of shear strain in the range [500 -10 000], leading to different values of the interfacial area per unit volume. The increase in storage modulus at 180°C of these samples is shown in Fig. 10 . The results confirm the importance of interfacial area in the blend on the changes in elastic modulus during reaction. Up to g R = 1000 a linear increase in G' is observed whereas a more pronounced increase with reaction time is found for shear strains above 2000. For strains higher than 5000, the G' versus t r curve no longer depends on the amount of preshear, indicating that a steady morphology may have been reached during the mixing stage. On the same curve, we also plotted the G'(t r ) curve for the non reactive NR1/GMA1 blend sheared at g R =5000. Obviously no measurable increase in G' is found for this blend, confirming that the phenomena observed for the reactive systems are due to the intermolecular chemical reaction at the interfaces.
To characterize the structure of the reacted samples, solvent extraction experiment were carried out in boiling xylene. They confirmed the rheological data, since for amounts of preshear lower than 1000, the reacted samples eventually peeled off in the solvent, indicating a layered structure [8] . For g R higher than 2000 the samples swelled but kept their shape even after 48h in the solvent, indicating a cocotinuous morphology [9] of the blend and resulting in a continuous interface. This in turn gives rise to a sample spanning network structure [10] after reaction, which seems to be directly related with the high values of G' observed.
INFLUENCE OF BLEND COMPOSITION
Here the reaction temperature (180°C) and the amount of preshear (5000) were kept constant and the composition of a series of MAH1/GMA1 blends was varied between 90/10 and 10/90. Composition 66/34 corresponds to stoechiometry of the MAH and GMA groups. The data in Fig.  11 show that the highest increase in G' is obtained for the 50/50 composition, whereas symmetric blend compositions result in similar levels of G'.
It comes out from these results that the interfacial crosslinking reaction is controlled by the amount of interfacial area produced by the mixing rather than by the stoechiometric ratio of the reactive groups. On the other hand, a minimum concentration of the minor phase of about 20% seems to be required to end up with significant values of G' in the reacted blend. According to the above assumptions, this concentration would correspond to the formation of a cocontinuous morphology. Fig. 12 shows the results obtained for 50/50 blends based on MAH1 and three GMA with different content of reactive comonomer. As seen in Table 1 , the nature and concentration of acrylic comonomer are similar for GMA1, GMA2 and GMA3. The results (T 1 = 180°C, g R = 5000) confirm that the level of G' in the reacted blends increase with the reactivity of the GMA phase. To explain the very small values obtained for the MAH1/GMA3 blend, the average number of reactive groups per chain were calculated from the
INFLUENCE OF REACTIVITY OF THE GMA PHASE
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May/June 2001 number average molecular weight: we found 3.9, 3 and 0.9 for GMA1, GMA2 and GMA3, respectively. Therefore, there are not enough reactive functions per chain in the GMA3 copolymer to lead to interfacial crosslinking. Only grafted species are formed at the interface which ends up with much lower values of G'.
INFLUENCE OF BLEND MISCIBILITY AND DIF-FUSION TIME
A comparison of MAH1/GMA1 and MAH2/GMA1 50/50 blends is less obvious than in the preceding case. As a matter of fact, for MAH1 and MAH2 both the amount of reactive MAH functions and the nature and concentration of acrylic comonomer differ. The data in Fig. 13 (T 1 = 180°C, g R = 5000) obtained after a diffusion time t D = 40 min at 105°C indicate that the highest level in G' is actually obtained for the blend with the less reactive polymer (MAH2). A possible explanation may be the higher compatibility of MAH2 with GMA1, due to the nature of the acrylic comonomers (MA for GMA1, EA for MAH2 versus BA for MAH1). To confirm this assumption, the same tests were repeated with a diffusion time increased up to 5 hours. The results show that increasing the diffusion time at 105°C before reaction only affects in a significant way the results for the more compatible MAH2/GMA1 blend. This can be qualitatively understood since for the more compatible system, the equilibrium thickness of the interfacial layer is higher and the same holds for the final volume of crosslinked material after diffusion and reaction.
BLENDS OF COPOLYAMIDE AND ETHYLENE-ACRYLIC COPOLYMERS
PRODUCTS
The third type of blends investigated are composed of a polyamide phase, which is actually a 25/25/25/25 PA6/PA69/PA11/PA12 copolymer coded COPA, blended with an ethylene-acrylic comonomer-maleic anhydride terpolymer of the same type as MAH1 and MAH2 considered in part B but of lower viscosity in order to match that of COPA. The melting point of the polyamide phase is close to 85°C and the chains are either terminated by two acid functions (diacid COPA), or by one acid and one amine function (acid-amine COPA), or by two amine functions (diamine COPA). Measuring out of the terminal acid and amine functions lead to the results in Table 5 . The viscosity data in the same Table show 
RESULTS
The sample geometry and the blending method are the same as described in Part B. The experimental conditions of the tests are the following: amount of preshear (at the outer rim of the disc) g R = 600; temperature of preshear: 85°C; diffusion during 1200s at 85°C and reaction at 150°C. The results for the increase of G' and G" during reaction for the diacid and acid-amine COPA based blends are shown in Fig. 14. They confirm that the diacid COPA based blend is indeed non reactive since no significant increase in G' is observed at the reaction temperature. For the monofunctional acid-amine COPA, a very small increase is found, indicating that the rheological method is sensitive to an interfacial grafting reaction. Finally, the results for the difunctional diamine COPA based blend are shown in Fig. 15 . A more important increase in G' is observed, confirming the assumption on the existence of interfacial crosslinking. However, the values of G' remain smaller by several orders of magnitude to those obtained for the more miscible systems considered in Sections 2 and 3.
CONCLUSION
For all investigated systems, the grafting or crosslinking reaction between the two blend components could be characterized by drawing G', taken at a fixed frequency, as a function of reaction time. For the miscible acrylic blends, the components have very low glass transition temperatures compared to the reaction temperature so that the measured values of G' are only due to the crosslinking reaction and not to the relaxation behavior of the blend components. It could be shown for these systems that if the mixing time increases, the G' versus reaction time curve becomes independent of mixing time, which means that the blend are homogeneous when the reaction starts (similar behavior was also observed for the ethylene-acrylic copolymer systems considered in Section 3, indicating that these blends are at least partially miscible). Under these conditions, the storage modulus G' also becomes independent of reaction time for long enough reaction times. From the value of G' at this plateau, the total reaction time (which exceeded 10 hours even for the most reactive system) as well as the final network structure, like for instance the average molar mass between crosslinking units, can be determined. It was found that the rate of the reaction increases with increasing temperature and chain functionality.
A first approach has shown that reduced variables could be defined from the storage modulus G' and the reaction time t using the initial concentration of functional units. On the other hand, an original yet very simple experimental method has been proposed to characterize via rheological measurements the interfacial reaction in a reactive polymer blend, the two components being directly mixed in the parallel-plate geometry of the rheometer. For the low melting temperature systems investigated in Section 3 of the present study, it was possible to separate the mixing of the two blend components from the interfacial reaction followed on the same specimen after increasing the temperature by using small amplitude dynamic tests. The storage modulus was measured as a function of time during reaction and was found to be sensitive to several material and blending parameters like for instance: the amount of shear during the premix stage, the blend composition, the reactivity and compatibility of the blend components. In particular, it was shown that for systems with low interfacial energy the interfacial reaction is favored if the chains are allowed to diffuse before the reaction takes place. On the other hand, the highest levels of interfacial crosslinking, as measured by the modulusG', are obtained for 50/50 composition blends, which lead to the highest values of interfacial area for nearly isoviscous systems.
Finally it was shown that for immiscible systems, although the same qualitative behavior is obtained during the interfacial reaction, the levels of G' obtained are lower by several orders of magnitude than for more miscible systems, which is probably due to a much lower value of the volume fraction of the material where the reaction can take place.
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